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Mohammed, I., Barraclough, D., Holborow, E. J., and Ansell, B. M. (1976) . Annals of the Rheumatic Diseases, 35, [458] [459] [460] [461] [462] . Effect of penicilamine therapy on circulating immune complexes in rheumatoid arthritis. The sera of 40 patients with severe progressive rheumatoid arthritis were examined for the presence ofsoluble immune complexes before penicillamine therapy was started, and again after treatment for a mean period of 14 4 months. The methods used were radiobioassay (macrophage uptake), Clq-binding capacity, and precipitation by 4 % polyethylene glycol.
Before treatment the sera of 37 patients showed significantly enhanced uptake of 1ST-labelled aggregated human IgG by guinea pig macrophages. Treatment produced significant falls in mean erythrocyte sedimentation rate, differential agglutination titre, and serum IgG and TgM levels, and enhancing complexes (EC) decreased or disappeared in 20 patients. In 9 patients EC changed to inhibiting complexes, and in 8 EC levels were unchanged. In 6 of 8 patients with cutaneous vasculitis initially, both lesions and EC disappeared. The total protein and the IgG and IgM precipitated from patients' sera by 4% polyethylene glycol fell significantly on treatment. Antinuclear antibody titres were unchanged by penicillamine, and 3 patients acquired these antibodies during treatment.
These findings suggest that penicillamine treatment in rheumatoid arthritis reduces the level of circulating soluble immune complexes in which IgM rheumatoid factor is a component.
After initial reports on the use of penicillamine in treatment of rheumatoid arthritis (Jaffe, 1964 (Jaffe, , 1970 , a recent multicentre controlled trial (Multicentre Trial Group, 1973) confirmed its effectiveness in active rheumatoid arthritis, and it was subsequently shown to have a similar effect to gold (Huskisson and others, 1974) . Recent studies (Onyewotu and others, 1975; Nydegger and others, 1975) (Ropes and others, 1959) received penicillamine therapy for severe progressive disease often associated with vasculitis. All had a positive latex and/or differential agglutination titre (DAT). Most of the patients also received nonsteroidal anti-inflammatory drugs such as salicylates or indomethacin, and 12 were on corticosteroid therapy. The majority had previously received gold or chloroquine, which had been discontinued either because of side effects or because of lack of effect some time previously. The mean age of the patients was 54 4 years (range 26-79 years), and the duration of rheumatoid arthritis 12-3 years (range 2-29 years). Two serum samples were available from each patient, the first taken before starting penicillamine therapy (sample I), and the other after at least 3 months of therapy (sample II).
Sera were stored at -20°and thawed on the day of testing. The mean duration of penicillamine therapy at the time of sample II was 14-4 months (range 3-53 months). The usual dose of penicillamine base was 500 mg (range 125-1000 mg), according to response to (Mancini, Carbonara, and Heremans, 1965) as was serum C3. Antinuclear antibody (ANA), smooth muscle, mitochondrial, gastric parietal cell, and skeletal muscle antibodies were looked for by immunofluorescence (Johnson and Holborow, 1973 (Zubler and others, 1975) . (3) A modified polyethylene glycol (PEG) precipitation test (Creighton, Lambert, and Miescher, 1973) in which equal volumes of 1: 5 serum and 8 % PEG (molecular weight 6000) were mixed, and the total protein precipitated measured by the method of Lowry (Lowry and others, 1951) or by Mancini's method.
Results
The effect of penicillamine on ESR, DAT, ANA, immunoglobulins, and C3 is shown in Table I . There was a significant fall in both ESR and DAT, and in serum IgG and IgM levels. The changes in the IgA and IgD levels were not significant. The serum C3 levels before treatment were within normal range, and did not change during treatment. Table II shows the ANA results. It will be seen that there was a tendency for patients negative before treatment to acquire positive ANA tests, and also a tendency for ANA titres to rise, although overall titres did not reach significance.
IMMUNE COMPLEXES

Radiobioassay
Inhibiting complexes (range 20-30%) only were detected in the sera of 5 of the 11 control patients. The pretreatment sera of 37 of the 40 treated patients (79 %) significantly enhanced uptake of 11 I-labelled heat aggregated human IgG by guineapig peritoneal macrophages. This agreed with previous findings in severe seropositive rheumatoid arthritis (Onyewotu and others, 1975) , and contrasted with the findings in systemic lupus erythematosus, where inhibition of uptake by patients' sera is the rule (Onyewotu, Holborow, and Johnson, 
VASC ULITIS
At the outset of treatment 8 patients had clinical evidence of cutaneous vasculitis (usually nail fold or finger tip lesions). 7 of these had EC, the other had no detectable complexes. After treatment 6 of these patients had lost their vasculitic lesions, and in these 6 EC had disappeared. Of the 2 with persistent vasculitis, 1 showed a reduction in EC (107 %-43 %) and in the other EC had disappeared from the serum. One patient developed vasculitic lesions during treatment and showed an increase in EC (29 %O-40 /O).
NODULES
Seventeen patients were noted to have subcutaneous nodules when treatment was started. 15 of these had EC, one inhibiting complexes, and one no complexes. At the time of the second serum sample, however, only 9 still had nodules and in 6 of these EC were still present, while in 3 EC had changed to inhibiting complexes. Of the 8 whose nodules had disappeared, EC persisted in 3, and changed to inhibiting in 5. Discussion
This study confirms that penicillamine therapy produces clinical improvement and reduces disease activity. The chief changes in laboratory findings (Table I) were a marked fall in ESR, and significant reductions in the serum IgM and IgG levels, and in the DAT. These findings are similar to those reported by the Multicentre Trial Group (1973) and by Bluestone and Goldberg (1973) .
In contrast with the fall in DAT levels, the mean ANA score showed a rise which bordered on significance, and 3 patients developed high titres of ANA during treatment. Penicillamine has been reported to induce a lupus-like syndrome (Harpey and others, 1971 ) but there were no clinical features to suggest this in any of our patients. In our previous study (Onyewotu and others, 1975 ) of a randomly selected group of rheumatoid patients, EC were found principally in patients with vasculitis.
The treated patients in the present study, who were selected on the basis of disease severe enough to warrant penicillamine therapy initially showed a high incidence of EC, irrespective of the presence of vasculitis at the time of starting therapy. This probably reflects their greater disease severity, but may also be partly due to the greater sensitivity of the modified radiobioassay method used (Mohammed and others, 1976), which gives higher levels of enhancing complexes than the method originally described. A comparison with results by the Clqbinding method obtained on the pretreatment sera from this study reported elsewhere (Mohammed and others, 1976) shows good agreement between the two methods. It is of interest that the tendency of the EC to fall in amount was paralleled by a fall in DAT, IgM and IgG levels, and also by a significant reduction in the protein precipitated by 4% PEG from the sera.
These findings suggest that the beneficial effects of penicillamine therapy in rheumatoid arthritis are at any rate partly attributable to a reduction in the level of circulating soluble immune complexes in which IgM rheumatoid factor is a component. They also indicate that in a considerable proportion of patients with rheumatoid arthritis, immune complexes play an important immunopathogenetic role not only extravascularly in the affected joints but also intravascularly in the circulation.
The fact that ANA titres were unaffected by penicillamine, and indeed showed a tendency to rise, may indicate that while complexes consisting of Ig components are reduced in amount, one effect of treatment may be to induce formation of other complexes involving nuclear antigens. Dawkins, Zilko, and Owen (1975) have pointed out that peniicillamine may induce a variety of autoantibodies and the change from EC to inhibiting complexes seen in 9 of the patients during treatment is consistent with such an explanation. The possible contribution of autoantibodies to the renal involvement which may result from penicillamine treatment requires further investigation.
